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1. Introduction
With industrial development and population and
economic growth, there has been a significant increase
in electricity demand and consumption in Portugal in
the last decades, which has had to be met with an
increase in electricity production. Table 1 shows the
evolution of electricity consumption for several years
since 1995. As can be seen, although there was a
reduction of the consumption in 2011 and 2012,
electricity consumption increased by 58% between
1995 and 2012.
However, given the raise of sustainable development
concerns, there is the need to think about alternative
sources of electricity production, with a particular
emphasis on renewable energy sources (RES). Apart
from the need to meet the increased consumption, there
are several reasons for the growth of RES interest [2],
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namely: the increase in fuel prices (for example, from
[3] one can see that the average Brent spot crude oil
prices were 28.5 dollars in 2000, 54.52 dollars in 2005,
79.5 in 2010, and 111.67 dollars in 2012); the concern
about protecting the environment from the negative
impacts of power generation through non-renewable
sources (e.g. coal and oil); and the desire to reduce
dependence on traditional energy sources (e.g. fossil
fuels). It is, therefore, imperative to develop new
solutions for sustainable energy production combining
economic development with environmental
sustainability [4]. As a matter of fact, reducing
dependence on fossil fuels can be achieved either by
decreasing energy consumption by implementing saving
programs and energy efficiency measures (both at
industrial and household levels), or increasing the use of
RES. The importance of renewable energy for
1 Corresponding author, E-mail: jscunha@dps.uminho.pt.
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A B S T R A C T
The increase in electricity consumption has led to a sharp increase in energy demand which has
risen environmental and sustainability concerns. To address this issue, there have been
incentives, in some countries, to the deployment of renewable energy sources for electricity
production. Departing from a real case study, a framework for investment appraisal of a SHP
project under the Portuguese present market conditions is proposed and applied. The study
departed from the discounted cash-flow evaluation, complemented by both sensitivity and risk
analyses, in order to identify the main sources of risk and to assess the probability and impact
of each risk event. The results obtained show that in the context of a regulated tariff the project
is worthwhile due to a positive NPV. However, if electricity had to be sold at market prices, the
project becomes unprofitable. The results put also in evidence the vulnerability of the
investment to an adverse change in interest rates. Future SHP plant investments should take into
account the need to operate in a free market and to compete with technologies based on fossil
fuels or large hydro.
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sustainable development is well recognized in the
literature (see for example [5] or [6]) and its relevance in
the Portuguese electricity system is also demonstrated
([7] and [8]).
Notwithstanding the achieved share of electricity
production from RES, Portugal remains heavily
dependent on imported energy sources (e.g. oil, coal
and natural gas). In the particular case of hydroelectric
production, it can represent almost 30% of the total
electricity consumption but in dry years its contribution
is much lower. In 2010, a rainy year, the total
hydropower share reached almost 30% but in 2012, an
extremely dry year, the contribution of hydropower was
only slightly above 12% [9]. Therefore, the continued
development of renewable energy emerges as
fundamental goal of the Portuguese energy policy, and
is a way to improve the trade balance and to contribute
to energy independence. Moreover, the hydropower
technology, and particularly where regulation of the
reservoir capacity is possible, adds value to the national
grid operation, given its high availability, reliability and
flexibility of operation [4].
In this context, and despite the existence of some
geographic and environmental restrictions, promoting
the exploitation of hydro resources can be an interesting
solution for electricity production. According to [4], the
combined use of thermal power and hydropower, in
Portugal, has been implemented in the last decades and
has been shown to be a viable alternative comparing
with a system entirely dependent on fossil energy, since
it provides greater flexibility in power management in
addition to the decreased emissions of CO2. Hydro
power can in fact have a fundamental role on the
management of power systems with large RES share,
allowing to better deal with the challenges related to the
variability of the power output of RES plants, especially
wind power. Pumped hydro storage can at least partially
offset potential negative effects of fluctuating renewable
on the grid, contributing to wind farms exploitation
([10], [11] and [12]).
As a result of the financial, economic and political
climate of the country, the risk of the investment in
renewable energy tends to increase. At the same time,
the potential interest from investors in such projects
tends to decrease [13]. Moreover, in addition to the
factors that influence the general economic activity,
investments in renewable energy are affected by many
other sources of risk. Thus, there is the need to identify
which factors influence those investments and
understand which
are perceived as risk and uncertainty drivers in these
projects in order to develop strategies that help mitigate
those risks and to make this type of investment as safe
as possible ([14] and [15]).
The main goal of this paper is to assess the
viability of projects for electricity production in SHP
plants in Portugal, analyzing the financial interest and
the risk factors of these investments. Some studies
addressed already SHP in Portugal and their
environmental impacts ([16] and [17]). The economic
and cost evaluation of SHP in other countries is also
present in the literature ([18], [19] and [20])
However, to the best of the authors' knowledge, the
topic of investment and risk evaluation of these
projects in Portugal is still not explored. For this a
framework for the SHP project evaluation is proposed
and implemented.
The first stage of the proposed framework concerns
the project investment evaluation assuming a
deterministic approach. It relies mostly on information
and data collected from the market and is based on a
discounted cash-flow approach for analyzing the
financial interest of the project. The second stage
encompasses the identification of the risk factors, the
assessment of the potential impact on the project and
recommendation of mitigation measures. From this, it is
possible to identify major sources of concern and
corresponding relevant variables, using then a sensitivity
analysis to evaluate the impact that possible deviations
from the assumed values might have on the financial
return of the project. The third stage of the framework,
allows for a more elaborated analysis including not only
the evaluation of the impact but also of the probability of
the event or combination of events occurring.
Table 1: Evolution of electricity consumption in Portugal (excluding Islands), 1995–2012.
1995 2000 2005 2010 2011 2012
Electricity consumption (TWh) 33.34 43.54 51.73 54.86 53.46 52.78
Source: Data available from [1]).
The contribution of the work aims to be twofold:
firstly, the SHP project evaluation will be analyzed in
detail giving important insights for energy investors and
secondly the proposed framework is expected to be a
valuable evaluation approach for investor as it can be
adapted to other sectors but in particular to the
evaluation of other RES project.
The remainder of the paper is organized as follows.
Section 2 presents a brief description of the Portuguese
electricity sector, with a particular emphasis on RES.
Section 3 describes the investment project evaluation in
the base case scenario. Section 4 presents the main
sources of risk for the investment under analysis. A
classification for the categories of risks is proposed and
the expected impact and mitigation measures are
explored. In section 5 the results of the sensitivity
analysis are presented. Following the outputs of both
section 4 and 5, the most important risk factors are
evaluated in section 6 using a probabilistic impact
evaluation approach. Finally, section 7 draws the main
conclusions of the paper and highlights future avenues
of research.
2. Portuguese electricity sector
The Portuguese electricity generating system presents a
diversified structure including a different set of
technologies. The role of the RES has been increasing
over the years strongly supported by the government
objectives of reducing energy importations and reducing
CO2 emissions. The Special Regime Producers (SRP)
group includes small hydro generation, production from
other renewable sources and cogeneration. These
producers have priority access to the grid system under
the established feed-in tariffs, for the licence period. The
integration of new SRP projects in the grid is determined
by public calls for each technology, depending on the
energy policy priorities and according to the availability
of interconnection points to the grid.
The feed-in-tariffs are defined according to Decree-
Law n.° 225/2007 with subsequent legal corrections and
amendments. These tariffs are specific for each
technology classified as renewable SRP. The legal
framework establishes then a remuneration for
renewable SRP producers based on the avoided costs of
the system including avoided capital costs, operational
costs and environmental costs. The components related
to the avoided capital and operations costs are identical
for all renewable SRP technologies. The component
related to the environmental costs is computed
according to the avoided CO2 emissions weighted by a
factor which is specific for each SRP technology. The
formula for calculating the value of feed-in-tariffs in
each year also takes into account the inflation rate
through the consumer price index.
As for the total installed power of the electricity
system in Portugal (excluding islands), it reached about
18.5 GW in 2012, distributed between thermal power
plants (coal, fuel oil, natural gas and gas oil), hydro
power plants and SRP, as detailed in Figure 1. In 2012,
the total electricity consumption reached 52, 8 GWh [9].
The composition of the Portuguese electricity sector
has been influenced by international environmental
agreements, namely the Kyoto protocol and RES
Directive. The evolution of the hydroelectric sector
along with the SRP is part of the strategy for the
electricity system, representing a clear effort for the
promotion of endogenous resources, reduction of
external energy dependency and diversification of
supply. The fossil fuel power production mainly relies
on natural gas and coal, both of them coming from
external suppliers, as Portugal does not have own fossil
fuel reserves. Figure 2 presents the evolution of
electricity production from RES in Portugal (excluding
islands).
The importance of the large hydropower sector is
evident. The electricity production form these plants
represented 46.2% of the total RES production in 2011
and 30.2% in 2012. However, wind power is becoming
increasingly relevant and in this last year it even
surpassed hydro power due to the reduced precipitation
levels. In 2012, the share of electricity from wind
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Figure 1: Distribution of the total installed power in Portugal, 2012
(Source: [21]).
power reached 50.5% of the total RES production,
followed by large hydropower with 30.2%, biomass
with 15.2%, small scale hydropower with 2.3% and
solar with 1.8%. Particularly interesting is the
comparison between 2005 and 2012. In fact, both these
years were extremely dry but in 2012 the wind power
production allowed to compensate the low hydropower
availability.
3. Investment evaluation
This section provides the characteristics of the project
under analysis regarding the forecasted production,
capital and operational expenditures. It is also shown the
results of the investment appraisal.
The investment refers to a project of a SHP plant and is
based in a real case, although some adjustments and
simplifications have been made. The project is expected to
be implemented in a small river in the central region of
Portugal. Given the characteristics of the location, the best
alternative was a run of river plant with a small weir which
has the advantage of allowing some regulating capacity.
No pumping storage capacity is foreseen in the project.
The project considers the use of a Kaplan reaction
turbine, the electricity production is ensured by a single
generator of 1.90 MW and the reservoir size is 0.5 hm3.
The head height is 12.5 m and the project was designed
for a flow rate of 18 m3/s.
The plant will be owned by private investors, whose
remuneration will come from the established feed-in-
tariff for this SHP sector and no additional support
mechanism are to be considered.
3.1. Production and revenues
The expected annual power production was calculated
from daily data of the inflows, obtained from
information collected by the river hydrological stations
during a 10 years period. From this series, the expected
average monthly output was obtained for a typical year
on that location. Figure 3, presents this expected
average monthly electricity generation demonstrating
that the production is highly seasonal, with the highest
values achieved during the winter.
Table 2 shows the forecasted annual electricity
production to be considered for the computation of the
financial revenues for the investor.
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Figure 2: Electricity production from RES in Portugal (excluding islands), 1999–2012. Source: Own elaboration of [9] and [22] data.
The feed-in tariff is presented in Table 3. This value
defined according to Decree-Law n.º 225/2007 as
described previously, amended by Decree-Law 126/2010
specific for SHP. This last document also established that
this remuneration will be maintained for 25 years starting
from the beginning of the project operation.
3.2. Capital expenditures
Investment in the development and construction of a
SHP power plant is conditioned by its
characteristics, opportunity, choice of equipment,
and ability to negotiate with suppliers. The
forecasted capital expenditures are detailed in table 4.
The values were obtained specifically for this
project and were provided by manufacturers and
installers of major equipment. Construction costs
were based on average market prices. A straight line
depreciation of the equipment was assumed
according to its lifetime.
3.3. Operational expenditures
The operational expenditures of a SHP plant
represent a small portion of the total costs, but
should also be properly identified and taken into
account in the economic study for the investment
evaluation. Those costs were identified and valued
according to information provided by companies
operating similar facilities. The costs included
general and administrative expenses; monitoring and
first level surveillance; technical support; scheduled
maintenance or maintenance on failure; other
service supplies, communications and energy;
administrative charges (e. g. water and energy);
insurance; and major maintenance or replacement
needs. Tables 5 and 6 show these values grouped in
main categories.
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Figure 3: Estimated monthly electricity generation for the SHP project.
Table 2: Forecasted annual production (average hydrological
regime).
Description Value (MWh/year)
Annual production 6,124
Table 3: Estimated revenues.
Description Value
Feed-in- tariff 91 €/MWh
Table 4: Estimated capital expenditures.
Description Value (k€) Depreciation
Infra-structures Building 1,350 30 years
Hydromechanical equipment 544 16 years
Electromechanical equipment 1,120 16 years
General electrical installations 365 16 years
Auxiliary equipment 60.5 16 years
Interconnection line 62.5 20 years
Acquisition of land 169 –
Studies and projects 127.1 3 years
Audit and consulting 161.5 3 years
Licensing 10 3 years
Table 5: Estimate of annual Operation and Maintenance
(O&M) costs.
Description Value (k€/year)
General and administrative 11
Operation and maintenance 21.5
Insurance 10
Contingencies 1.5
Table 6: Major maintenance costs forecasted.
Description Value (k€)
Revision turbine and alternator
(after 15 years) 25
Review and partial replacement of
equipment (after 15 years) 60
3.4. Investment appraisal
The analysis of the project was undertaken considering
an investment horizon of 25 years, current prices, a
discount rate of 10.3%, and an income tax rate of 25%.
The annual discount rate comprises two components: the
risk-free rate of return and the risk premium. 
The risk free rate was considered to be 3.41% [23]
and the risk premium was considered to be 6.60%,
computed as the average yield to maturity rate of the 10
years Portuguese treasury bond from daily values
between November 2012 and November 2013 obtained
from [24]. For simplicity it was assumed that
investments values were paid completely at time zero.
Moreover, the analysis was conducted in the context of
a regulated tariff (feed-in), which means that the
electricity produced is received in full by the grid
operator and there is a fixed payment per MWh, as set in
Table 3. A conservative approach was assumed
regarding revenues and expenditures’ growth over the
investment horizon. Through the Portuguese consumer
price index (excluding housing) of the last five years, it
was possible to calculate an estimate for the tariff's value
growth rate of 1.92%. On the other hand, given that in
the last two years the average rate of inflation was
slightly more than 3%, it was assumed that operational
expenditures increased at this rate. To assess the
economic viability of the project the following
indicators were computed: net present value (NPV);
internal rate of return (IRR); simple payback period
(PBP) and the discounted payback period (DPBP).
Table 7 presents the main results.
As can be seen in the table, the investment is
recovered in 15 years, with a positive NPV of 948, 240 €
and an IRR of 13.2% (higher than the discount rate of
10.3%). Therefore, one may conclude that this is an
economically viable investment project under the
assumed conditions.
While in this baseline scenario, the investment is
attractive, this type of investment is subject to a number
of risks that may restrict its profitability. Project risks
involve the likelihood and degree of unacceptable
deviations from predicted characteristics that are the
basis for the investment decision [25]. In this sense, it is
important to identify the main sources of uncertainty and
risk associated with such investments. In fact, as
emphasized by [25], risk analysis is an essential part of
project development.
4. Identification of risks
In this section the major potential risks associated with
investments in these SHP plants were identified according
to a literature review ([26], [14], [27], [13], [28], [29] and
[30]). Thus, the following types of risks were considered
to be relevant for the project: construction/completion,
technological, geological, hydrological, economic,
financial, political, environmental, external events, and
sociocultural. These risks are briefly described in what
follows.
4.1. Construction/completion risk
The possibility of construction delays, increased costs
relative to expected, and the overall quality of the
project should be analyzed together with their respective
impacts. Thus, this type of risk corresponds to the
possibility of the project is not concluded, and this can
be due to monetary or technical reasons. The monetary
reasons include the underestimation of construction
costs, unexpected rise in inflation, unexpected delays in
the schedule, among others. With regard to the technical
reasons they are related to inaccuracies in the initial
project design, failure in supplies (e.g. materials), and
contractual problems.
The impact underlying this type of risk can vary from
moderate to high depending on the extent of the
consequences of delays or cancellation of the project
itself. The delay of construction may increase the risk of
the project, the cost can increase significantly and the
project economic viability can be strongly affected.
4.2. Technological risk
This risk occurs when the technology becomes obsolete
very soon or performs below their specifications
throughout the project life. In fact, this risk can be a
major threat in the design of a hydroelectric plant, given
that even a small percentage reduction in yield of a
turbine may represent a large capital loss over the life of
the project. Moreover, although the hydro technology is
well established in Portugal, in recent years there has
been a significant development of other renewable
technologies for electricity production, which may
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Table 7: Investment appraisal indicators.
Net present value (NPV), thousand € 984.24
Internal rate of return (IRR), percentage 13.17
Payback period (years) 7.8
Discounted payback period (years) 15.2
represent a risk for this type of investment competing in
the same market segment.
4.3. Geological risk
The geological risk will depend on the construction site
of the dam. This must be able to accommodate a
reservoir and a power station generation. A detailed
study is vital to know the geological conditions of the
site. Flaws in the underlying rock structure may cause
problems in construction, leading to an increase of the
estimated costs if not previously identified. The risk of
seismic activity should also be considered.
4.4. Hydrological risk
The hydrological risk must also be considered because
the electricity production will depend on the river water
supplied, which will be unpredictable as well as
environmental conditions and precipitation. Problems of
water loss by evaporation or leakage from the reservoir
must also be considered. Therefore, a detailed study
about their existence and of the water availability is
essential, in order to estimate the amount of electricity
produced, and take into account, also, other parameters
that will influence the viability of the project (e.g. the
rate of precipitation and evaporation in the region and
the flow of water from tributaries).
4.5. Economic risk
This type of risk arises from the possibility of a poor
economic performance of the project, even if the project
is underpinned in good technology and operating at
normal load. In this case, the revenue generated, while
being able to cover operating costs, may not be
sufficient to cover the initial investment cost, preventing
the recovery of the investment and achieving the
required rate of return. The SRP return highly depends
on the existence of feed-in-tariffs. Changes on the
economic conditions of the country may force policy
decision makers to reduce these values or even eliminate
this option by new regulatory impositions. Although this
tends to affect mostly new projects, the Climate Policy
Initiative report already called attention to the
retroactive policy risk referring to policy or regulatory
changes which adversely affect the financial viability of
RES projects [31]. In the case of a SHP investment,
under an extreme scenario of terminating feed-in-tariff,
the risk would derive mainly from the uncertainty about
the price of electricity in a liberalized market. In
addition, mismanagement of the project, increasing
operating costs, among other factors should also be
considered as important risk factors
4.6. Financial risk
Financial risk arises from external factors to the project
and can significantly affect its financial condition. This
risk may be related to difficulties in obtaining financing,
uncertainty regarding interest rates and exchange rates.
4.7. Political or legal risk
The political and/or legal risk arises from unexpected
changes in current legislation, particularly in the energy
sector, which might favor investments in other than
hydro technologies. Thus, due to possible changes in
government regulations (or policies), the economic
viability of a project, initially profitable, might be
compromised. Although the new legislation usually
applies to projects that have not yet been submitted, if
this does not occur, these changes can have a major
impact on the initial investment and revenue. On the
other hand, if there are frequent changes in legislation,
this can cause uncertainty among possible investors. In
the case of RES projects this political risk is highly
related to the economic risk as described previously.
4.8. Environmental risk
This risk occurs when the effects of the project on the
environment cause delays in their development or even
a change in the initial design. Since an investment in
hydroelectricity means that the production of electricity
uses a natural resource, the existence of environmental
risk is inevitable. Some problems that can arise are
related to the deterioration of water quality; impact on
flora and fauna; emission of greenhouse gases;
relocation of inhabitants of their areas of residence and
occupation of agricultural land by the water.
Environmental risk may be enhanced by the action of
groups of people (e.g. residents of the affected area,
environmentalists, etc.), which might have slight
consequences, such as making a small change in the
project, or severe consequences, such as the cancellation
of the project. In order to mitigate this risk and allow the
implementation of the project is necessary to develop
studies of environmental impact assessment in order to
comply with the regulations.
4.9. Risk of other external events
The risk of external events is characterized by the
occurrence of a particular event that prevents the normal
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operation of the project. In the case of hydroelectric
plant this risk may be associated with technical failures,
fires, and strikes or even due to external causes such as
earthquakes or other natural disasters.
4.10. Sociocultural risk
This type of risks arises from social and cultural
differences between the promoters of the project, local
authorities and workers. This type of risk is generally
considered very important by the promoters and funders
of the investment, as they can be translated into a large
increase in costs as a result of complaints and grievances
of the populations concerned. Some of the most
common effects of this type of risk relates to
abandonment of projects, reputation damage of
promoters and investors, loss of revenue, consumer
boycotts, among others.
4.11. Risks summary
Table 8 attempted to summarize the identified risk,
proposing a classification, defining each of them,
identifying the major source of risk and possible impacts
for the project and recommending mitigation measures.
Although the provided list focuses mainly on the SHP
project, most of the information can easily be transpose
to other RES investments. All these are investments
strongly dependent on the policy and legal environment
and frequently prone to some social opposition. For
some of the RES technologies, the learning curve
experience effect is still very much relevant and cost
reductions can be foreseen ([32], [33] and [34]) which
represents an additional risk factor for investors facing
the possible lower costs for the future competitors. Also,
RES electricity power output is frequently difficult to
forecast as it largely depends on uncontrollable external
factors such as rainfall, wind speed or solar radiation. In
fact, these investments require long payback period and
the historic data about the availability of the resources
may not be informative enough about the future.
5. Sensitivity analysis
From the risks discussed in the previous section, a
sensitivity analysis was developed. This procedure is a
way of analyzing the effects of changes in selected
project variables that might have major implications for
project profitability and associated risk [25]. Therefore
and taking into account the availability of data, a
sensitivity analysis was undertaken, regarding the
following types of risks: political risk (value of the
tariff); completion risk (a delay in the starting of
electricity production); economic risk (an increase in the
initial investment amount); and financial risk (the cost of
capital).
5.1. Political risk
This risk was proxied by a change in the price at which
the electricity produced would be sold instead of a fixed
feed-in tariff guaranteed to the SHP investor. Although,
the investment in a SHP as in this case is protected by a
fixed feed-in tariff, the liberalization trend of the
electricity market can open way in the future to fully
competitive RES market. It is then interesting to see
what would happen in terms of the economic viability
of the project if the electricity produced was sold at
market prices. Since these prices are below the
regulated tariff, it was simulated the effect of a tariff
decrease on the project’s NPV, and the results are
shown in Figure 4.
One concludes that the NPV reaches a value of zero
for a price decrease of 20.43%, which means a tariff of
72.41 €. Given that the average market price of
electricity is around 50 €, this means that an investment
with these characteristics outside the Special Regime
Production (SRP) would not be economically viable.
5.2. Completion risk
To assess the impact of this risk, a sensitivity analysis
regarding what happens if there is a delay in starting
electricity production was undertaken. From the analysis
of Figure 5 it is seen that the project presents some
robustness in this context, for only after three years of
delay in the start of production the project would
become unviable. However, one must take into account
either that the regulatory/legal framework in which the
project takes place or the market conditions can change
and could undermine its profitability.
5.3. Economic risk
Although, the economic risk could be measure in
several ways, in this study it was proxied by an
increase in the initial investment amount, given that in
this type of project, the major component of total
investment is capital expenditures. Therefore, it is
reasonable to think that an unexpected increase in these
expenditures would have an effect on the investment’s
profitability. The impact of changes in this variable can
be seen in figure 6.
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As can be seen, it would be required an increase of
almost 25% in the initial investment amount to reach a
zero NPV for the project. The initial value of the
investment would have to grow from 3,969,600 € to
4,962,000 €, i.e. an increase of about 1,000,000 €, which
seems to be very implausible.
5.4. Financial risk
This risk can be measured by a change in the discount
rate (or cost of capital) used to calculate NPV. In fact,
capital intensive projects are very sensitive to a change
in the discount rate. This change can be due, for
example, to an increase in the country risk premium
component of the cost of capital, as has been the case for
Portugal in the last years as a result of the profound
economic crisis and the difficulties in obtaining finance
either by the government, financial institutions or
private investors. Therefore, it should be recognized the
importance of changes in the cost of capital and its
impact over the project’s NVP is shown in figure 7.
As expected, given the nature of the investment, the
project’s NVP decreases sharply for each percentage
point increase in the discount rate.
6. Probabilistic risk analysis
In the previous section, the sensitivity analysis
demonstrated that the project viability can be very much
sensitive to variations of variables related to investment,
tariffs and discount rate. This previous study was based
on a deterministic approach and each variable was
analyzed independently, evaluating its impact on the
project viability. Following this initial approach, a
probabilistic risk analysis technique will now be used to
assess both the impact and probability of the events.
The relevant variables were randomly generated using a
Monte Carlo simulation and from these values the annual
cash-flow was estimated in order to calculate the expected
NPV and its probability distribution. Firstly an independent
evaluation of each variable was conducted but the main
goal was to obtain a combined analysis, allowing to
evaluate both the impact and probability of different
scenarios characterized by a mix of random events.
Software @Risk was used for the distribution fitting
of the data used in this analysis and for the Monte Carlo
simulations.
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Figure 4: Electricity tariff change impact on NPV.
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Figure 5: Impact of project delay on NPV.
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Figure 7: Impact of a change in the discount rate on NPV.
Table 9 summarizes the variables considered for the
risk simulations, the assumed distribution and the
parameters used.
6.1. Investment and O&M costs
For the investment costs, the mean value of each
category was assumed equal to the base case scenario.
The maximum and minimum values were based on the
expected investment costs range for large dams in
Portugal computed against the mean. This information
was obtained from the technical document [35]. The
same goes for the O&M costs. Figures 8 and 9 present
the results of these two simulations for the NPV
computation.
For both cases, although the NPV mean is lower than
the base case scenario (especially for the investment
risk), it is still positive and the probability of having a
positive NPV is around 56% even for the investment
simulation.
6.2. Discount rate
The discount rate maximum and minimum variations were
obtained according to the yield to maturity rate of the
10 years Portuguese Treasury bonds. A daily series (2008–
2013) was used to compute the mean value and to check
the maximum and minimum variations against the mean
(data available from [24]). The same variation range was
used for the project under analysis, assuming the base case
scenario as the expected discount rate. Figure 10 presents
the results of this simulation for the NPV computation.
Also for the discount rate, the NPV mean is much
lower than the base case scenario but it is still positive.
The probability of having a positive NPV is 72% but a
negative NPV is possible if an increase of the discount
rate is experienced.
6.3. Electricity tariffs
Finally, for the values of the tariffs, market values were
used according to the MIBEL spot prices for the period
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Table 9: Summary about the variables considered for the risk simulations.
Variable Distribution Assumptions
Investment cost Triangular Maximum value = 226% × Mode
Minimum value = 54% × Mode
O&M cost Triangular Maximum value = 195% × Mode
Minimum value = 62 % × Mode
Discount rate Triangular Maximum value = 171 % × Mode
Minimum value = 76% × Mode
Tariffs (market values) Normal Expected value = 46.96 €/MWh
Standard deviation = 14.80 €/MWh
Tariffs (feed in values) Normal Expected value = 91.00 €/MWh
Standard deviation = 28.68 €/MWh
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Figure 9: Probability density graph for O&M cost risk.
2010–2013. A normal distribution was assumed with the
expected value and standard deviation directly obtained
from the time series. Recognizing that this can severely
threaten the return of the project, in a second approach
the time series were corrected according to the feed-in-
tariff assumed under the base case scenario. This would
mean that the investor return would still depend on the
market variations but an average higher tariff would be
ensured. Figures 11 and 12 present the results of these
two simulations for the NPV computation.
The obtained results demonstrate the importance of
the feed-in-tariffs for these projects. In fact, if the
project is operating under market conditions the viability
of the investment is much doubtful as the possibility of
having a positive NPV only slightly surpasses 4.3%. On
the other hand, under the assumed feed-in-tariff regime
subject to market variations, the mean is positive and the
probability of having a positive NPV is more than 74%.
6.4 Combined risk analysis
The risk evaluation must go beyond the analysis of
each variable independently. In fact, much of the
uncertainty of the NPV output comes from the
combination of several random events. The final
and fundamental simulation combines now the
different variables distributions giving rise to the
expected NPV at risk. Figures 13 and 14 present
the results of this simulation for the NPV
computation, assuming a feed-in-tariff scenario
subject to market variations.
The combined risk evaluation leads to a less positive
view of the project return. The possibility of having a
positive NPV is only 36% and the expected value is
negative. The tornado chart puts in evidence the
importance of the feed-in-tariffs, the discount rate and
the initial investment.
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7. Conclusions
Given the growing concerns with sustainable electricity
production, small hydroelectric power plants emerge as
an interesting alternative, especially as it refers to
renewable energy sources. However, it is advisable to
develop a thorough identification of the risks associated
with this investment, since they range from completion
to technological risk, from hydrologic to environmental
impact, and from political to sociocultural risk.
In this paper, departing from a real case study, the
investment appraisal of a SHP project was described
under the present market conditions followed by a
sensitivity analysis and a probabilistic risk analysis in
order to identify the main sources of risk.
The results obtained showed that in the context of a
regulated tariff, as was the case-base scenario, the
project is worthwhile due to a positive NPV. However,
if electricity had to be sold at market prices, the project
becomes unprofitable. This is an important issue
because the perspectives for the future is a reduction of
incentives (especially feed-in tariffs) and increased
difficulties of network access for producers of electricity
from renewable sources. In fact, the possibility of
reducing these rates or being replaced by other incentive
systems seems to be an increasingly likely possibility.
Countries such as Belgium, Sweden and Italy have
opted for implementing quota systems for green
certificates at the expense of special fixed tariffs. In the
limit, the need to operate in a free market, without
special rates for renewable energy and that will have to
compete with technologies based on fossil fuels or large
hydro, should also be considered.
The sensitivity analysis put also in evidence the
vulnerability of an investment of this kind to an adverse
change in interest rates. This is not an unexpected
outcome given the nature of RES projects, characterized
by large investment values and reduced O&M costs. In
fact the present market conditions giving rise to high
capital costs along with the liberalization trend of the
tariffs represent important risk elements that can easily
lead to a reduction of the investors’ interest on these
projects.
As for the risk evaluation, although the independent
analysis of each variable showed that the project could
be interesting with positive mean values, the possibility
of having a negative outcome was evident for the
investment costs, discount rate and feed-in-tariffs
variables. On the other hand, the results of the combined
analysis are much less optimistic demonstrating that
even under regulated tariffs the probability of having a
negative NPV largely surpasses the probability of
obtaining a positive value. This demonstrates the need to
implement mitigation measures related to these
variables, supported on the establishment of long term
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Figure 14: Tornado chart for NPV
contracts and careful project management and
budgeting.
It should be underlined that the analysis was
conducted for a particular project based on SHP
technology but the possibility of reducing risk based on
a diversified portfolio must be also considered. In fact,
from the investor point of view the ownership of a
project mix with different technical characteristics,
supported on different resources and operating in
different market segments (free market and feed-in-tariff
protected market) represents one of the most valuable
strategies to reduce the risk.
Finally, the framework proposed in this paper can be
adapted and used in other sectors as a risk evaluation
methodology. In particular, its use was demonstrated
with the SHP but most of the conclusions can easily be
transpose to other RES projects also characterized by
high investment costs, high dependence on fixed
government set feed-in-tariffs and often facing delays
and social opposition.
Acknowledgements
This work was financed by: the QREN – Operational
Programme for Competitiveness Factors, the European
Union – European Regional Development Fund and
National Funds- Portuguese Foundation for Science and
Technology, under Project FCOMP-01-0124-FEDER-
011377 and Project Pest-OE/EME/UI0252/2014.
References
[1] DGGE website, www.dgeg.pt.
[2] Ribeiro F, Ferreira P, Araujo M, The inclusion of social
aspects in power planning, Renewable & Sustainable Energy
Reviews 15 (9) (2011) pages 4361–4369. http://dx.doi.org/
10.1016/ j.rser.2011.07.114
[3] BP-Statistical Review of World Energy, (http://www.bp.com/
en/global/corporate/about-bp/statistical-review-of-world-energy
-2013/statistical-review-1951-2011.html)
[4] REN, Potencial Hidroele′ctrico Nacional: importância so′ cio-
econo′ mica e ambiental do seu desenvolvimento, 2006 (in
Portuguese).
[5] Lund, H, Renewable energy strategies for sustainable
development, Energy 32 (6) (2007) Pages 912–919.
http://dx.doi.org/10.1016/j.energy.2006.10.017
[6] del Ri′o, P, Burguillo, M, An empirical analysis of the impact
of renewable energy deployment on local sustainability,
Renewable and Sustainable Energy Reviews 13 (6–7) (2009)
Pages 1314-1325. http://dx.doi.org/10.1016/j.rser.2008.08.001
[7] Krajacˇic´, G, Duic´, N, Carvalho, M, How to achieve a 100%
RES electricity supply for Portugal?, Applied Energy 88 (2)
(2011) Pages 508–517. http://dx.doi.org/10.1016/j.apenergy.
2010.09.006
[8] Ribeiro, R, Ferreira, P, Arau′ jo, M, Evaluating future scenarios
for the power generation sector using a Multi-Criteria
Decision Analysis (MCDA) tool: The Portuguese case,
Energy 52 (2013) Pages 126–136. http://dx.doi.org/ 10.1016/
j.energy.2012. 12.036
[9] DGEG, Renova′veis, Estati′sticas Ra′pidas, September 2013 ;
www.dgeg.pt (in Portuguese).
[10] Caralis, G, Papantonis, D, Zervos, A, The role of pumped
storage systems towards the large scale wind integration in the
Greek power supply system, Renewable and Sustainable Energy
Reviews 16 (5) (2012) Pages 2558–2565. http://dx.doi.org/
10.1016/j.rser.2012.01.068
[11] Kapsali, M, Kaldellis, J, Combining hydro and variable wind
power generation by means of pumped-storage under
economically viable terms, Applied Energy 87 (11) (2010)
Pages 3475–3485. http://dx.doi.org/ 10.1016/ j.apenergy.
2010.05.026
[12] Connolly, D, Lund, H, Mathiesen, B, Pican, E, Leahy, M, The
technical and economic implications of integrating fluctuating
renewable energy using energy storage, Renewable Energy 43
(2012), Pages 47–60. http://dx.doi.org/10.1016/ j.renene.
2011.11.003
[13] Leach A, Doucet J, Nickel T, Renewable fuels: Policy
effectiveness and project risk, Energy Policy 39 (7) (2011)
pages 4007–4015.
[14] Agrawal A, Risk mitigation strategies for renewable energy
project financing. Strategic Planning for Energy and the
Environment 32 (2) (2012) pages 9–20.
[15] Li, C, Lu, G, Wu, S, The investment risk analysis of wind
power project in China, Renewable Energy 50 (2013) Pages
481–487. http://dx.doi.org/10.1016/j.renene.2012.07.007
[16] Pinho, P, Maia, R, Monterroso, A, The quality of Portuguese
Environmental Impact Studies: The case of small hydropower
projects, Environmental Impact Assessment Review 27 (3)
(2007) Pages 189–205. http://dx.doi.org/ 10.1016/ j.eiar.
2006.10.005
[17] Santos, J, Ferreira, M, Pinheiro, A, Bochechas, J, Effects of
small hydropower plants on fish assemblages in medium-sized
streams in central and northern Portugal, Aquatic
Conservation: Marine and Freshwater Ecosystems 16 (4)
(2006) Pages 373–388. http://dx.doi.org/10.1002/aqc.735
[18] Kaldellis, J, Vlachou, D, Korbakis, G, Techno-economic
evaluation of small hydro power plants in Greece: a complete
sensitivity analysis, Energy Policy 33 (15) (2005) Pages
1969–1985. http://dx.doi.org/10.1016/j.enpol.2004.03.018
International Journal of Sustainable Energy Planning and Management Vol. 02 2014 61
Jorge Cunha and Paula Ferreira
[19] Ogayar, B, Vidal, P, Cost determination of the electro-
mechanical equipment of a small hydro-power plant,
Renewable Energy 34 (1) (2009) Pages 6–13.
http://dx.doi.org/10.1016/j.renene.2008.04.039
[20] Singal, S, Saini, R, Raghuvanshi, C, Analysis for cost
estimation of low head run-of-river small hydropower
schemes, Energy for Sustainable Development 14 (2) (2010)
Pages 117–126. http://dx.doi.org/10.1016/j.esd.2010.04.001
[21] REN, Dados Te′cnicos, 2012 (www.ren.pt) (in Portuguese).
[22] DGEG, Renova′veis, Estati′sticas Ra′pidas, September 2007 ;
www.dgeg.pt (in Portuguese).
[23] ERSE, Parametros de Regulação para o Peri′odo 2012-2014,
December 2011, www.erse.pt (in Portuguese).
[24] Banco de Portugal website, http://www.bportugal.pt/
EstatisticasWEB/(S(qrfbf445gxlm4mybywmrqcvm))/SeriesCr
onologicas.aspx
[25] Kurowski L, Sussman D, Investment project design. John
Wiley & Sons, New Jersey, 2011.
[26] Carneiro P, Ferreira P, The economic, environmental and
strategic value of biomass, Renewable Energy 44 (2012)
pages 17–22. http://dx.doi.org/10.1016/j.renene.2011.12.020
[27] Cucchiella F, D'Adarno I, Feasibility study of developing
photovoltaic power projects in Italy: An integrated approach,
Renewable & Sustainable Energy Reviews 16 (3) (2012) pages
1562–1576. http://dx.doi.org/10.1016/j.rser.2011.11.020
[28] Nikolic DM, Jednak S, Benkovic S, Poznanic V, Project
finance risk evaluation of the Electric power industry of
Serbia, Energy Policy 39(10) (2011) pages 6168–6177.
http://dx.doi.org/10.1016/j.enpol.2011.07.017
[29] Rangel LF, Competition policy and regulation in hydro-
dominated electricity markets, Energy Policy 36 (4) (2008)
pages 1292–1302. http://dx.doi.org/10.1016/j.enpol.2007.12.005
[30] Cleijne H, Ruijgroks W, Report of the project Deriving
Optimal Promotion Strategies for Increasing the Share of
RES-E in a Dynamic European Electricity Market: Modelling
Risks of Renewable Energy Investments, 2004.
[31] Micale, V, Frisari, G, Herve′-Mignucci, M Mazza, Risk Gaps:
Policy Risk Instruments, Climate Policy Initiative, January 2013.
[32] La Tour, A, Glachant, M, Me′nière, Y, Predicting the costs of
photovoltaic solar modules in 2020 using experience curve
models, Energy 62 (2013), Pages 341–348.
http://dx.doi.org/10.1016/j.energy.2013.09.037
[33] Zwaan, B, Rivera-Tinoco, R, Lensink, S, van den
Oosterkamp, P, Cost reductions for offshore wind power:
Exploring the balance between scaling, learning and R&D,
Renewable Energy 41 (2011), Pages 389–393.
http://dx.doi.org/10.1016/ j.renene. 2011.11.014
[34] Bhandari, R, Stadler,I, Grid parity analysis of solar
photovoltaic systems in Germany using experience curves,
Solar Energy 83 (9) (2009), Pages 1634–1644.
http://www.sciencedirect.com/science/article/pii/S0038092X0
900125X
[35] COBA, PROCESL, Plano Nacional de Barragens de Elevado
Potencial Hidroele′ trico, 2007. (in Portuguese).
62 International Journal of Sustainable Energy Planning and Management Vol. 02 2014
A risk analysis of small-hydro power (SHI) plants investments
